Growth, cell volume, and fine structure of Porphyra umbilicalis in relation to osmotic tolerance.
Porphyra umbilicalis, a marine red alga occurring in the intertidal zone of the cold North Sea, tolerates a wide range of osmotic conditions from 0.2 x to 6 x artificial seawater medium ASP12. In cells osmotically adapted for two weeks, photosynthesis and respiration are progressively inhibited in media more concentrated than 2 x. In both hypo- and hyperosmotic stress ranges, the most striking fine structural change is the development of vacuoles. In comparison to 1 x medium, where vacuoles are virtually lacking, the vacuolar part of the protoplasm increases 6-fold in 0.2 x and 10-fold in 3.5 x medium, respectively. However, at extreme hyperosmotic stress (6 x medium) the vacuolar part is extremely small. The largest cell volumes are found in 0.2 x and 3.5 x media, the smallest one in 6 x medium. In the osmotically regulated range (0.2-3.5 x medium), the regulated parameter is the volume of the protoplasm without the vacuolar system. It is suggested that at hyperosmotic stress the vacuoles may serve as osmotically active compartment, probably by accumulation of inorganic ions. The intracellular content of Floridean starch granules decreases with increasing osmotic pressure, possibly indicating the significance of soluble organic constituents as osmotically active solutes.